abstract Perceptual decision making depends on the choices available for the presented task. Most event-related potential (ERP) experiments are designed with two options, such as YES or NO. In some cases, however, subjects may become confused about the presented task in such a way that they cannot provide a behavioral response. This study aims to put subjects into such a puzzled state in order to address the following questions: How does the brain respond during puzzling moments? And what is the brain's response to a non-answerable task? To address these questions, ERP were acquired from the brain during a scintillation grid illusion task. The subjects were required to count the number of illusory dots, a task that was impossible to perform. The results showed the presence of N130 over the parietal area during the puzzling task. Coherency among the brain hemispheres was enhanced with the complexity of the task. The neural generators' source localizations were projected to a multimodal complex covering the left postcentral gyrus, supramarginal gyrus, and angular gyrus. This study concludes that the brain component N130 is strongly related to perception in a puzzling task network but not the visual processing network.
intRoduction
Human brain perceptions have been the focus of many recent electrophysiological studies.
Numerous studies have looked at perceptual and cognitive functions such as selective attention [1] and decision making [2] . Perceptual decision making has recently attracted the interest of many researchers of nonpathological brain processing, which provide a better understanding of brain mechanisms and networks. Experimental studies have focused on characterizing the temporal evolution of component activities, which is correlated with perceptual decision making, and on quantifying the relationship between neural signals and the behavioral response by comparing neurometric and psychometric functions [3] . Studies have raised questions regarding the difficulty of decision making and its relationship with the allocation of the neural timing resources in cortical processing. These studies also discuss how the difficulty of the decision relates to decision accuracy [4] . The decision-related area of the brain was identified by combining the high temporal resolution of electroencephalography (EEG) with the high spatial resolution of functional magnetic resonance imaging (fMRI) [5] .
Temporal analysis of EEG relies mainly on brain response event-related potentials (ERP).
Several investigators have preferred the use of visual illusion tasks in their experiments. For instance, the Craik Cornsweet O'Brien (CCOB) illusion is used to study the sensitivity of the visual mismatch negativity (vMMN) with the oddball paradigm [6] . One comparative study investigated the cortical response to the cue paradigm using the face-vase illusion figure [7] . The study attributes the appearance of early N100 and late N320 to the deployment of attention (conscious effort) in the selection of the target and to involuntary perceptual reversals, respectively. Some researchers have used the Thatcher illusion for face and object processing and have observed a disruption in brain perception caused by the illusion. A higher density of brain potentials were also noted as a result of illusion characterization [8, 9] . One study used the composite face effect (CFE) illusion aimed at encoding facial images and found an increasing N170 response over the occipital temporal area [10] . Other studies have used semantic illusion tasks such the use of illusory words [11] , and language processing with a semantic illusion task [12, 13] . The Kanizsa squares illusion task has been widely used to study different temporal brain perceptions. Such studies use this type of illusion with magnetoencephalography (MEG) [14] , with progressive misalignment of Kanizsa figures [15] , in investigating temporal and spatial attention binding with different orders of figures [16] and in clinical procedures for autism at high and low frequencies [17] [18] [19] .
Source localization dipole fitting of ERP have been employed with some kinds of illusion tasks. For instance, the Müller-Lyer illusion was used to investigate ERP and estimate the dipole sources, with the result indicating that the anterior cingulate cortex (ACC) might contribute to the illusion effect [20] . The
McGurk illusion was used to investigate MMN and study source localization. The results were mostly distributed on the lateralized left hemisphere, giving a response at 175 ms. The dipole source analysis showed that the sources were mostly related to the left temporal gyrus.
Thus, the left temporal cortex plays a vital role in this type of illusion process [21] .
As seen above, visual illusion tasks have occasionally been used in the research on brain perceptions. Illusions are usually described as visual images that diff er from reality, where the eyes and the brain perceive something that does not exactly match the physical measurements of the displayed image. Through exaggerated attention, the eyes and brain make unconscious inferences. Even when the brain knows the presented task is an illusion, the error still occurs. Hence, the brain cannot help perceptually with countering this eff ect.
This clearly shows that brain perception carries
with it a certain amount of misreading. The nervous system processes and approximates visual information mainly based on color, shape, and dimension. To address this issue, this paper provides a comprehensive study of the visual evoked potentials (VEP) modifi ed by the scintillation grid illusion to study brain perception and the brain response evoked by a puzzling task (inability to make a decision) in diff erent age groups. This result was then used to do a time-frequency analysis and study the cross coherence between brain hemispheres.
Furthermore, measure projection analysis (MPA) was discussed to anatomically localize the source generator in the brain domain.
mateRials and metHods

Subjects
Thirty-four male subjects volunteered for this experiment and signed the informed consent form. According to Van den Bos et al. [22] , performance diff erences exist between males and females. Males tend to focus exclusively on long-term goals while females tend to balance short and long-term interests. In other words, males shift from exploration to exploitation, while females remain exploratory. These diff erences were explained as possibility being due to diff erences in the general dynamics of neurotransmitter systems, that is, diff erences in brain serotonergic and dopaminergic activity [22] . As such, only male subjects were included in the present study. Subjects were healthy, with no history of neurological, psychological and ophthalmological diseases. They were divided into two age groups: the young group (16 subjects), with an average age of 10.8 ± 2.6 (mean ± SD) years old and the mature group (18 subjects), all of whom were postgraduate students with an average age of 25 ± 2.6 years old. Most of the subjects were right handed and all had normal or corrected-to-normal visual acuity, tested with a Snellen chart. Some of the subjects wore corrective lenses during the experiment. The subjects were informed about the protocol and the aim of this study.
They were instructed to sit comfortably on a chair placed at a fi xed distance (100 cm) from the monitor and to try to avoid any physical movements such as head or body movements, blinking, yawning or biting to prevent unwanted muscular artifacts in the useful EEG signal. They were also asked to maintain their attention during the experiment.
Stimulation tasks
The experiment included the combined task of VEP pattern reversal checkerboard stimulation with a scintillation grid illusion picture, as shown in Fig. 1 . The visual stimulation pattern was fi rst designed using Delphi programing language following the International Society for Clinical Electrophysiology of Vision (ISCEV) standard [23] . It was then modifi ed and combined with a scintillation grid illusion picture, which was displayed at the center of the pattern reversal stimulation.
In the stimulation task, the subjects were required to count the number of black dots in the illusion, something that could not be The illusion picture (image size: 494 x 404 pixels, 24 bits/pixel) was fixed at the center of the screen and the pattern reversal checkerboard was maintained, as shown in Fig.   1 . The grid illusion picture was used, and the subjects were required to count the number of illusory black dots (target) in the central picture.
They were instructed to try to make a decision about the number of black dots, if they could.
This could include unreal dots appearing due to the high contrast between edges of the white and black colors. This experiment was designed to catch the subjects' attention, keep them mindful during the experiment, and to increase the complexity of the task.
Data acquisition
A standardized recording scheme was developed; every subject was to perform the tasks in a fixed and repetitive pattern, according to the scheme on the monitor screen. EEG data was collected using 24 channels on the Contec 
Data analysis
Grand average brain responses were extracted by time-locked average of multiple subjects and trials of pattern stimulation. Background EEG and other sources of noise were distributed randomly along the recorded signal. Averaging of the trials was done to increase the signal to noise ratio (SNR) of the recorded ERP.
If K is the trial number (K=1,2,…..,N) and t is the time of single trial, the recorded response can be described as:
Where, s(t) is the signal and n(t,k) is the random noise. It was noticed that the noise is not correlated with the trial number, while the signal is. two different frequencies. This is termed cross frequency coherence or bi-spectral coherence [27, 28] . Coherence is essential because the degree of relationship or coupling between any two living systems cannot be fully understood without knowledge of their frequency structure over a relatively long period of time.
Cross coherence between hemispheres of the brain can be determined by computing the event-related potential coherence (ERPCOH) between two relative channels of EEG [25] . For any two signals, a and b, phase cross coherence is defined by Equation 3 , where is the complex conjugate of .
To estimate the sources of the recorded signal in the brain and localize them to different domains, measure projection analysis (MPA) method was used. This method statistically characterizes the spatial consistency of EEG dynamics across a set of data by combining the information across a large number of subjects, each of whom is associated with his or her own set of source processes and scalp projections [29] . This method has been used in the first application of MPA to EEG datasets collected in a visual task and decomposed separately using extended infomax ICA (independent component analysis) [30] . An infomax ICA is an unsupervised nonlinear learning algorithm based on an information maximization network. Its application to an ensemble of natural scenes produces sets of visual filters that are localized and oriented. In addition, the outputs of these filters are as independent as possible, since the infomax network performs ICA for sparse (super-Gaussian) component distributions [31] .
MPA provides statistically significant values
with fewer parameters compared to other clustering methods. Bigdely-Shamlo et al. [29] applied MPA to surrogate data derived from 
Results and discussion
To explore brain responses related to the tasks presented in Fig. 1 , the grand average of different age groups was calculated. The illusion task was presented and the brain response extracted during puzzling moments.
Pattern reversal VEP using checkerboard stimulation is a well known response. The P100 exhibits a prominent peak of VEP, which indicates little variation between subjects and little within subject interocular difference, with repeated measurements over time [23] .
VEP was used here as a reference signal for the modified combination task of the scintillation grid illusion.
The experiment was focused on the illusion task and purposely designed to put the subjects into a situation in which they could not answer the question presented by the task (i.e.
they would be unable to make a decision). The subjects were asked to count the number of black dots, a task that is impossible. In order to extract brain response from background noise, a time-locked grand average was calculated on all channels.
Illusion component N130
A scintillation grid illusion was used in the task.
The subjects were required to count the number of black dots that only appeared to exist but in reality, did not. The stimulation background contained the black and white pattern reversal checkerboard to limit the specific time window, and the ERP from this combination (grid illusion and pattern VEP) were extracted. The task was chosen in order to keep the subjects' attention and to present them with a decision that was an impossible task.
In the presented task, the grand average of the illusion task indicated activation the parietal area of brain. As shown in Fig. 2(a) It is also important to mention the presence of small peak responses P80 and P200. These peaks were seen mostly in the parietal area.
The reliability of N130 across the subjects (trials) was plotted over latency, as shown in Among recent ERP studies utilizing the visual illusion task, very few (as summarized in Table   Table 1 . Summary of the previously reported N1 responses recorded during different illusion tasks. N1 refers to the first negative response appearing after the onset of illusion stimulation, including the grid illusion used in this research.
illusion type n1 component finding year Reference
Müller-Lyer illusion task N170 Parietal Pz Illusion task elicit more negative ERP deflection than nonillusion stimuli. 2007 [20] Cue illusion (face or vase)
Posterior Pz
The posterior P100 and N160 were elicited only by the face-face and vase-vase responses but not in the opposite of the cue (face-vase or vase-face).
[7]
Rod and Frame Illusion (RFI) orientation illusion 180-200 Over lateral occipital electrodes P1 and N1 reflect the early visual processing and do not affected with the frame tile of orientation stimulation. 2009 [34] Abutting line grating illusion contour stimulus
150-200
Over the entire scalp, the peaks earlier over frontal than posterior scalp
The illusion contours could make the occurrence time of N1 came earlier, and the peak became larger. 2012 [33] Combination of Checkerboard with Scintillating grid illusion
N130 distributed over parietal area in both hemispheres
Evidence to N1 that it might reflect the complex task perception response (puzzled response). Present This paper is considered as an early response in the parietal lobe when the subject cannot make a decision in a puzzling. It is also interesting that N130 showed a higher amplitude for the mature group than for the young group, which is contrary to P100 of VEP [39] . This is a clear indication that N130 is involved in puzzled perception processing.
Time-frequency analysis
Time-frequency analysis is used to characterize changes or perturbations in the spectral content of EEG data and is considered as a sum of windowed sinusoidal wavelet functions. The mathematical details of this straightforward method are described by Delorme and Makeig [25] . Morlet wavelets are also used to detect 
Cross coherence
The cross coherence between active components were investigated and compared between the different stimulation tasks. As it is well known that the occipital lobe is active in pattern VEP and the current result shows the parietal lobe is active in the illusion Electrical stimulations Pain perception using painful and non-painful task This is a logical result, since the brain puts forth more effort in identifying an object and its coherency increases with increasing difficulty of identification. As such, the puzzled illusion task will obviously produce larger coherence between brain hemispheres.
Measure Projection Analysis (MPA)
Scalp channels analysis is a typical practice for investigating and differentiating EEG results across multiple subjects by identifying scalp channels. However, the method is not highly accurate since the channel responses may include non-brain activity within the data.
To address this issue, researchers [25] have The illusion stimulation led to the puzzling task in which the subjects could not make an accurate decision. In presenting the visual stimulation to produce a puzzled perceptual response, activation of the visual area of the brain was expected, and led to marked projections domains in the occipital gyrus.
As can be seen clearly in Fig. 4(b) , the first main domain and some parts of domain 3
are more or less associated with vision. The primary and secondary visual information in the middle, inferior and superior occipital gyri are projected, as shown in Table 3 . The lingual gyrus is also related to vision processing [45] .
The lingual gyrus is a brain structure that is especially related to letters and the encoding of visual memories and complex images [45] .
A high probability is seen for the cerebellum in Since it is the only domain that can be seen in the mature group (as summarized in Table 3 ), it likely indicates the sources of N130 related to the puzzled task.
The mature subjects directed their attention to the experimental task (i.e. counting the number of illusory dots), which caused them to ignore other stimuli presented within the task.
Therefore, the only domain projected indicates the puzzled source generator in the brain. The young subjects were less able to direct their (a) (b) Table 3 . Measure projection analysis domains' summary for the illusion task in young and mature subjects. One domain common in both age groups covers the left supramarginal gyrus, the left postcentral gyrus and the left angular gyrus complex, which represent the source generator of the puzzled response in the brain. 
conclusion
This study compared brain responses to 
